Abstract. Solid serous cystadenomas (SSC) of the pancreas are the rarest benign type of serous cystic neoplasms and are frequently misdiagnosed, resulting in unnecessary invasive surgical procedures. A retrospective study was performed to collect imaging features of SSC using computed tomography (CT) and magnetic resonance imaging. The clinical data and imaging study of 5 female patients with pathologically confirmed SSC (mean age, 44.2 years; range, 23-69 years)
Introduction
Reporting of pancreatic cystic neoplasms (PCNs) have increased in the past decade due to the widespread use and rapid improvement of abdominal cross-sectional imaging technologies (1) , as well as an increased awareness of their existence. PCNs are a heterogeneous group of tumors with serous cystic neoplasms (SCNs) being one of the most common (1) . SCNs account for ~1-2% of pancreatic exocrine tumors (2, 3) , amounting to ~20% of all cystic tumors of the pancreas (4) . SCNs have four morphologic patterns: Microcystic (honeycomb), macrocystic (oligocystic), mixed (polycystic) and solid types (5) . Unlike the first three types, the solid type is composed of small acini with glandular spaces (6) which cannot be observed under a microscope. Solid type tumors present as a mass on radiological images with overlapping features, such as the presence of enhancement, resemble those of other solid tumors (3, 4) . Solid serous cystadenomas (SSCs) of the pancreas were first described by Perez-Ordonez et al (7) and are reported to be the rarest type of SCNs (2, 3, 8) , accounting for only 3% (5) . Correct preoperative diagnosis is required as the management of the conditions differs considerably. SSCs are benign and are managed conservatively (6) . Surgery is only recommended for symptoms related to the compression of adjacent organs (9) or an uncertain diagnosis following complete workup (10) . Solid tumors require surgery if they are symptomatic, malignant or display potential malignancy. The aim of the current study was to analyze the radiological results of patients with SSCs affirmed by pathology and to summarize the significant features to assist future clinical diagnosis and interventions.
(range, 23-69 years). They had no previous medical history of pancreatitis or pancreatic neoplasm. Of these, 3 patients were incidentally observed to present with a pancreatic mass without discomfort, 1 patient had upper left abdominal pain and the other had abdominal distension and nausea. A total of 4 patients presented with normal pancreatic tumor markers, whereas 1 patient exhibited a slightly elevated carbohydrate antigen 19-9 levels (47.5 IU/ml; normal <37 IU/ml). The time interval between the first scan and surgery was 3-40 days. All patients underwent surgical resection and were without any evidence of recurrence during follow-up. The clinical features of the 5 patients are summarized in Table I .
Radiological examination. The preoperative computed tomography and magnetic resonance (MR) images of all the patients were available. In addition, 4 patients underwent magnetic resonance cholangiopancreatography (MRCP). CT scanning was performed by multidetector-row helical CT scanners (Somatom Definition AS; Siemens Healthineers, Erlangen, Germany). Unenhanced images of the upper abdomen were initially obtained using a collimation of 5 mm with pitch 1.2 mm, tube voltage of 120 kV and a tube current of 200 mA. Depending on the patient's body weight, 80-100 ml of contrast medium (Omnipaque 300 mg/ml; GE Healthcare, Chicago, IL, USA) was administered intravenously at an injection rate of 3.5-4.0 ml/sec. A three-phase contrast study was performed with 1.25 mm collimation through the pancreas while patients held their breath. Images were obtained at the arterial, portal venous and equilibrium phases (25, 60 and 100 sec following injection, respectively).
MR scanning was performed using a GE Discovery MR750 3 Tesla MRI scanner (GE Healthcare). Fat-saturated T1-weighted images, T2-weighted images and additional contrast-enhanced T1-weighted images were obtained in all patients in the transverse section without breathing artifact. The contrast medium (Omniscan, 0.1 ml/kg body weight; GE Healthcare) was injected at a rate of 2 ml/sec. Gadolinium-enhanced study on T1-weighted images was first performed at 20 sec following the initiation of intravenous contrast administration. Multiphasic images were obtained in the portal phase at 45-52 sec, in the equilibrium phase at 75-82 sec and in the delayed phase at 135-142 sec (slice thickness, 4 mm; interslice gaps, 4 mm). Diffusion-weighted images (DWI) were also acquired in all patients using the following parameters: Repetition time/echo time, 6,000/53.0 msec; thickness, 5 mm; matrix size, 128x128; b value= 0 and 800 sec/mm 2 . The apparent diffusion coefficient (ADC) maps were generated on the operating console. The MRCP examinations were performed on a 1.5 Tesla MRI scanner (GE Healthcare). The following imaging sequences were acquired: Axial T2 fast spin echo with fat saturation [repetition time (TR) 6,000/echo time (TE) 63-86] with 7 mm slices and coronal (TR 3,333.3/TE 617-705) reconstructed with 1.8 mm slices.
Image analysis. A total of 2 experienced abdominal radiologists with no prior knowledge of the pathological outcome separately reviewed the clinical information and imaging data, and a consensus was reached. The following morphological features were evaluated: i) Location of the lesion (head, neck, body or tail of pancreas); ii) size of the lesion (maximal diameter of the tumor); iii) lesion contour (round, ovoid, lobulated or irregular); iv) margin of the lesion (well-or ill-defined); v) appearance of the lesion (the density on CT, the signal intensity on MRI and the enhancement pattern), vi) presence of a capsule; vii) central scar formation; viii) calcification; ix) hemorrhage; x) pancreatic ductal dilatation; xi) invasion of adjacent tissues; xii) enlarged lymph nodes; and xiii) distant metastases.
In terms of appearance characteristics, the density of the lesion was recorded, compared with the surrounding pancreatic parenchyma and labeled as hyper-, iso-or hypo-attenuating. The signal intensity of lesions on the unenhanced T1-weighted images was compared with that of the surrounding pancreas and graded as hypo-, iso-and hyper-intense. The signal intensity of lesions on T2-weighted images contrasting with that of the surrounding pancreas and spleen was described as 'very hyper-, hyper-, iso-and hypo-intense' when the signal intensity of the lesion was higher than that of the spleen, not higher than that of the spleen but higher than that of the pancreas, similar to that of the pancreas and lower than that of the pancreas, respectively (11) . The dynamic enhancement pattern was evaluated in the homogeneity of the tumor (homogeneous or heterogeneous). The regions of interest (ROIs) placed on the lesions with the largest diameter on the ADC maps in order to cover the entire length of the lesion were defined. The final ADC values were expressed as the mean value mm 2 /s of the ROIs of three selected slices. The presence of scars and fibrous capsules appeared as increasing, weak and/or prolonged enhancement centrally and peripherally, respectively. Hemorrhage was identified by the existent areas of hyperintensity on T1-weighted images and the corresponding hypointensity on T2-weighted images.
Pathologic analysis. A total of 2 senior pathologists investigated the gross and microscopic specimens and reached an agreement. Macroscopically, the 5 resected specimens revealed a solid and well-circumscribed appearance. Histologically, hematoxylin and eosin staining revealed that the encapsulated tumors consisted of cuboidal or polygonal cells and dense collagenous septa. The tumor cells had small round nuclei and clear or pale eosinophilic cytoplasm, without cytological atypia or abnormal mitotic figures. Neoplastic cells were sometimes arranged in small acini. Microscopically, the surgical margins were negative with no vascular or nerve invasion.
Results
CT and MR images revealed 3 masses in the tail of pancreas and 2 in the neck. The mean tumor size among the 5 patients was 2.3 cm (range, 1.5-3.2 cm; 4/5 of lesions ≤3 cm). All cases had radiological evidence of well-circumscribed masses, which were ovoid (n=3) and lobulated (n=2). A total of 4 cases demonstrated low-density solid masses ( Fig. 1) on unenhanced CT and a high signal intensity on T2-weighted images and isointensity on DWI (Fig. 2) . Only 1 case revealed a slight hypodense mass with central low density protruding from the pancreatic tail on unenhanced CT and was heterogeneously hyperintense on T2-weighted images and slightly hyperintense on DWI. On unenhanced T1-weighted images, 5 cases revealed homogeneous and low intensity lesions. The 5 masses revealed two different enhancement patterns on enhanced CT and MR imaging. Of these, 2 masses exhibited strong and heterogeneous enhancement with a poorly enhanced zone in the arterial phase, washout and had a homogenous appearance, hypodensity or isodensity during portal venous and equilibrium phases (Figs. 1B and C and 3). Moderate and gradual enhancement in the arterial phase, and prolonged and faintly spotted enhancement during the portal venous and equilibrium phases were observed in three masses. The three masses were hypo-dense/intense relative to the surrounding normal pancreatic tissue in all enhanced phases. Additionally, increased enhancement of the periphery of the lesions was confirmed on the 3 phases in 4 cases, while an area of strong enhancement surrounded by a dark thin rim was exhibited in 1 patient, which revealed the presence of a capsule. The enhanced manifestations of lesions on MR imaging were similar to those of the CT images.
The ADC values of the 5 lesions were 2.46x10
, 2.21x10 -3 and 2.53x10 -3 mm 2 /sec, respectively. MRCP revealed increased intensity in the four lesions (Fig. 4) , almost equivalent to that of common bile duct and distal ductal dilation (5.5 mm) in 1 case. No intratumoral calcification, central scar, hemorrhage, enlarged lymph nodes, adjacent invasion or distant metastasis were observed in all five patients. The imaging features are summarized in Table II . All cases were misdiagnosed.
Discussion
Owing to the widespread use and rapid improvement of cross-sectional imaging studies, there has been an increase in the detection of PCNs (1). SSCs are benign entities and may be misdiagnosed as pancreatic neuroendocrine tumors (pNET), solid pseudopapillary neoplasms of the pancreas (SPN), ductal adenocarcinomas and metastatic carcinomas (12) . Therefore, distinguishing between SSCs and malignant types allows the selection of an appropriate treatment strategy. Previous studies on SSCs presenting as solid and enhanced masses are limited, with the majority being case reports. Additionally, the radiological features of the masses are sporadically described. Jais et al (10) conducted an international and multicenter study involving 2,622 SCNs and reported that SSCs type accounted for 5% of these cases. Thus, the aim of the current study was to analyze the radiological results of patients with SSCs and to summarize the significant features to improve the diagnostic accuracy.
SSCs were initially described in 1996 as solid pancreatic tumors composed of cells that are morphologically and Normal CA19-9 levels were considered as <37 IU/ml. CA19-9, carbohydrate antigen 19-9; pNET, pancreatic neuroendocrine tumor; SPN, solid pseudopapillary neoplasm of pancreas; PPP, partial pancreatectomy and pancreaticojejunostomy; LDP, laparoscopic distal pancreatectomy.
histochemically indistinguishable from those of SCNs (7). Subsequent case reports supported SSCs as an SCN subtype (8, 13) . Previous studies reported that SSCs consist of serous cystadenoma cells that do not secrete fluid (6, 14) or they comprise a large number of small cysts (3, 15, 16 ) measuring tenths of a millimeter (13) .
To the best of the authors' knowledge, only 22 SSCs have been previously reported in detail, and the clinical and radiologic characteristics of these cases are presented in Table III (2, 3, 7, 8, (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . The demographic characteristics of the 22 cases were as follows: i) Male and female ratio, 1:1.6; ii) mean age, 60.6 years; iii) ~50% of lesions were located in the body of the pancreas (9/22, 45.5%); iv) the mean size of the lesions was 2.8 cm; and v) 15/22 of the lesions (68.2%) were ≤3 cm in diameter. SSCs were located in different parts of the pancreas and occurred most frequently in females in their sixth decade. Consistent with previously published studies, all the SSCs occurred in adult females in the present study, although the patients involved in the present study were younger. The mean size of lesions was 2.3 cm, which was smaller than that reported in the aforementioned studies. Of the five cases in the present study, four of them had biomarker expression levels (carcinoembryonic antigen, α-fetoprotein, CA19-9 and CA21-5 within the expected range; data not shown) within the normal range, and this was similar to previously published studies (3,8,16,18,19,21,22,23,25) . The SSCs in the present study were characterized as well-defined solid tumors with the following features: i) Small tumor size (≤3 cm); ii) significant high intensity on T2-weighted images; iii) wash-in and wash-out enhancement or moderate and prolonged enhancement; iv) high ADC value; and v) the presence of a fibrous capsule. The tumors demonstrated marked hyperintensity on T2-weighted images, revealing a liquid component and suggesting they were not solid but rather of cystic nature (16) . MR imaging, which is able to detect the presence of tumors with a cystic nature (16) , may be superior to CT scanning in differentiating SSCs from solid tumors. This was supported by a previously published case report with an exact preoperative diagnosis of SSC (16) . In the current study, 2 masses exhibited wash-in and wash-out, which was similar to the majority of cases in previous studies (21, 26) , while 3 cases exhibited moderate, gradual and prolonged enhancement and spotted enhancement in the latter 2 phases, similar to a SSC case reported by Lee et al (17) . The 80% marginal area was clearly observed to demonstrate strong enhancement, and this was reported in previously published studies (16, 18, 26) . The reasons for the different enhancement patterns remain unknown, however, the high density of microvessels at the tumor margin and the presence of a surrounding fibrous capsule may be a contributing factor (3). It is possible that the degree of enhancement is positively associated with the amount of hypervascular stroma. The lesions had sharp margins and manifested no invasion of adjacent vessels or organs. The ADC values of the 5 lesions were all >2x10 -3 mm 2 /sec and within the range of 2.06x10 -3 to 2.86x10 -3 mm 2 /sec as reported by Jang et al (27) . Furthermore, this compares to an optimal ADC cut-off value of 1.21x10 -3 mm 2 /sec reported by Hayano et al that distinguished pancreatic cancer from noncancerous tissue (28) , and 1.99x10 -3 mm 2 /sec that distinguished SSCs from pNETs (27) . The ADC values in the current study exhibited no evidence of restricted diffusion, in accordance with their benign nature.
Radiological findings -------------------------------------------------------------------------------------------------------------------------------------------------Apparent diffusion
SSCs, particularly the smaller lesions, may have been difficult to distinguish from pNETs in the previous studies (3, 7, 8, (13) (14) (15) (19) (20) (21) (23) (24) (25) (26) and SPNs in the current study. The majority of SSCs occur in females in the sixth decade of life, while pNETs may develop at any age, and small SPNs predominantly occur in females in their thirties and forties (11) . SSCs with strongly or arterial-phase enhancement have been frequently misdiagnosed as pNETs (3, 8, 15, 20, 21, 25) . Kishida et al (3) reported that MR images of pNETs exhibit a high intensity on the T2-weighted image, however, this was not as high as that of a cyst. However, hyperintensity on T2-weighted images may not be present in pNETs (27) , particularly for small-sized lesions (29) . A low radio density on unenhanced images and a tumor density <32 Hounsfield units on unenhanced CT images may aid in distinguishing them (27) . SSCs frequently exhibit a reduced number of low density regions when compared with the surrounding pancreas parenchyma than pNETs (26) . Hayashi et al (26) reported that the presence of a fibrous capsule may aid the differential diagnosis of SSCs from pNETs. Additionally, SSCs exhibit a lower density relative to the surrounding pancreas on the delayed phase CT more frequently than pNETs (26) . This may explain the difference in the washout rate of contrast enhancement.
The gradual and prolonged enhancement was incorrectly diagnosed as SPN in the current study. Small (≤3 cm) SPNs demonstrate early heterogeneous and slightly progressive fill-in enhancement and seldom appear more enhanced than the normal pancreatic parenchyma (30) . They are also initially hypoattenuating and slightly hypoattenuating or isoattenuating during the portal venous phase (31) , which overlap with part of SSCs. Small SPNs have two important distinguishing features: The lack of the fibrous capsule (11, 30) and hyperintensity on DWI (32) . In the present study, the majority of the SSCs displayed isointensity on DWI. Furthermore, the young age of the patients may have led to misdiagnosis of two cases in the current study. The tumor misdiagnosed as pancreatic adenocarcinoma with distal ductal dilation in the present study (case 4) may be distinguished using an increased signal intensity on T2-weighted image and high ADC value. SSCs only detected by unenhanced MR imaging and which appear as very hyperintense on T2-weighted images, mimicking the oligocystic type, may be misdiagnosed as unilocular mucinous cystic neoplasms and branch duct intraductal papillary mucinous neoplasms (BD-IPMNs). A thick cystic wall and curvilinear or peripheral calcification present in the cyst wall or septa occur in mucinous cystic neoplasms (33) and are important features for a differential diagnosis. BD-IPMNs are characterized by communication with the main duct which is apparent on MRCP (34) .
The cur rent study had two main lim itations. Firstly, it was limited by its retrospective nature. Secondly, it included a small number of patients with pathologically proven SSCs that underwent surgical resection. This small number of patients was attributed to the rarity of the subtype.
In conclusion, SSCs were frequently observed in adult women with small (≤3 cm) lesions. Marked hyperintensity on T2-weighted images, a high ADC value, the presence of a fibrous capsule and enhancement patterns may well be imaging features of SSCs.
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